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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 



55 



[00011 The present invention relates to a method of using radiation curable (preferably polyurethane) elastomerlc 
compositions and a method of making flexographic printing plates produced with those compositions. The plates are 
developable in a solventless absorption processing method. 

2. Background of the Art 

[0002] Flexography is a term that broadly applies to a printing format using a flexible substrate bearing an elastomeric 

jST ^ f^Sex^Snting plates were produced from natural or synthetic rubber composes which were 
Schemically under heat and pressure in a moid utilizing conventional rubber curates such as mercapto conv 
Bounds rFl exooraohv Principles and Practices. 3rd Edrtion, Flexograph,c Techn.cal Assoc.at.on, p. 158-162). More 
recent pSJmlr elastomeric composition; (elastomer containing compositions cu rable upon exposure .to actm,c 
Son) useful to" produce relief printing p.ates have been described. For example, US Pat "^J" 
describe solvent-insoluble, elastomeric printing relief plates which are formed by apply.ng to ^ she^support a layer 
of a photosensitive composition comprising (1 ) at least 30 weight % of a solvenHsoluble co-polymer con™ at leas 
2 thermoplastic non-elastomeric blocks of glass transition temperature above 25°C and average molecular we.ght 
2(SoTo^O and between these blocks, an elastomeric b.ock copolymer having a glass transition tempe^rej jetow 
ir?c and average molecular weight 25,000 - 1 ,000.000; (2) at .east 1 weight % of an ad drt.cn 

containing at least one terminal ethylenic group; and (3) a polymerization initiator at a dry th.ckness of 0-005 -0_250 
inch A flexible polymer film and flexible cover sheet are laminated to the composition layer. The plate .3 formed I by 
Sping off the cover sheet, imagewise exposing the layer to actinic radiation through the f .lm, and remov.ng the frtm 
tS unexposed areas of the laye'r by solvent washing. Solvents such as 

either alone or in combination with alcohols such as n-butanol are utl.zed. Likewise, EP Pat. 261.910 describes a 
flher example of a water-developab.e flexographic relief printing plate comprised of (1 ) monomers and polymers of 
aVrvUc acid esters and (2) a ketone photopotymerizing/photocrosslinking agent, which are coated on a support sheet 
^oStmC^ exposure (to promote crosslinking). the relief areas of the plate are produced by washou wrth 
an aqueous developer. After washout, all of the flexographic p.atemaking compositions and *~^ h °"; 
tofore require drying of the plate for extended perkxis (1 to 24 hours) to remove entra.ned developer solution and then 
a rslbSed?orp^t-finishing process (chemical or photochemical) to reduce surface tack of the |MMn use 
on a orintinq press In addition to the extended time periods required to produce flexograph.c pr.nt.ng plates by the 
JoreKtTonS ^technologies (by reason of the multiplicity of processing steps required in series), these technolog.es 
a so Soauce^ SaJ toxic bj-product wastes in the development procedure. In the case of the so^ent-washout 
Schno^ orSn^otvent waste is generated which is potentially toxic in the form of both the solvent and the add, .on 
pot meZiSmpound 2) which contains at least one terminal ethylenic group. Likewise, the aqueous wash out ptate 
technTlogres also produce a contaminated waste water by-product stream which may conta.n s.m.lar addrt.cn polym- 
erizable compounds that may have cytotoxic effects. 

SX US-A-3 264 103 discloses a process for preparing relief images suitable for direct use as pnnfng , ptetes for 
etter press or dry off-set printing, employing a photopolymerization step. It is disctosed that underexposed and herefore 
unpolymerized materia, of the photopolymerizable stratum can be removed in a molten JJJ 
after the exposure to its operating temperature by pressing against a sheet of absorbent matenal such as felt or filter 
naoer The onlv Dolvmer described rigid, tough polymers. 

Era Many dSferent types of monomers and cross.inkable resins are known in the polymer art, the.r propert.es can 

E^dUed asfaught in th'e art to provide rigidity, flexibi.ity, or other properties. Parfcukrty **°™<™™™ 
relatedtothecompLitionsofthepresentinventtonareshowninU.S. Patent No S ^4,57e,504;4,6^ 

r00061 Various types of curable polyurethane elastomeric compositions are known. The term elastomer or elas 
S is used to fefer to rubbers or polymers that have resiliency properties similar to those of rubber. In part.cu.ar, 
Sete m elastomer "fleets the property of the matena. that it can undergo a substantia, e.ongation and then return o 
ts original dimensions upon release of the stress elongating the elastomer. In all cases an elastomer must be ab e to 
undergo at least 1 0% elongation (at a thickness of 0.5 mm) and return to its or.g.nal d.mens.ons after be.ng held I at 
that etongation for 2 seconds and after being allowed 1 minute relaxation time. More <^«££?™<" "JS 
25% etonqation without exceeding its elastic limit. In some cases elastomers can undergo elongate to as much as 
M0% or S oi its original dimensions without tearing or exceeding the elastic limit of the compos.t.on. Elastomers 
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are typically defined to reflect this elasticity as in ASTM Designation D883-866 as a macromolecular material that at 
room temperature returns rapidly to approximately its initial dimensions and shape after substantial deformation by a 
weak stress and release of the stress. ASTM Designation D41 2-87 can be an appropriate procedure for testing rubber 
properties in tension to evaluate elastomeric properties. Generally, such compositions include relatively high molecular 

s weight compounds which, upon curing, form an integrated network or structure. The curing may be by a variety of 
means, including: through the use of chemical curing agents, catalysts, and/or irradiation. The final physical properties 
of the cured material are a function of a variety of factors, most notably: number and weight average polymer molecular 
weights; the melting or softening point of the reinforcing domains (hard segment) of the elastomer (which, for example, 
can be determined according to ASTM Designation D1 238-86); the percent by weight of the elastomer composition 

10 which comprises the hard segment domains; the structure of the toughening or soft segment (low Tg) portion of the 
elastomer composition; the cross-link density (average molecular weight between crosslinks); and the nature and levels 
of additives or adjuvants, etc. The term "cured", as used herein, means cross-linked or chemically transformed to a 
thermoset (non-melting) or relatively insoluble elastomeric condition. 

1S BRIEF DESCRIPTION OF THE INVENTION 

[0007] The present invention relates to a process according to claim 1 . 

[0008] The process can also utilize a predevelopment step that can improve the anchoring of the irradiated compo- 
sition to the flexible substrate by first developing a 'floor* on the substrate. The imageable composition on a substrate 

20 which transmits ionizing radiation (e.g., e-beams, short wavelength U.V. radiation, etc.) is first generally exposed 
through the substrate to generate a floor of polymerized composition. This floor is not removed from the substrate 
during development and is not to be considered in the determination of the at least 75% of composition removed from 
non-irradiated areas. It is desirable that the elevated temperatures used to cause the unirradiated composition to flow 
(reduce its viscosity, or exceed its softening temperature, e.g., see ASTM Designation D 1 238-86) into and be absorbed 

2S by the absorbent layer (without the necessity of reduced air pressure behind the layer) should not distort the flexible 
substrate or the hardened composition by more than 2% in any surface dimension. The actual temperatures will vary 
with the specific substrate and composition used. Preferably at least 80% of the unirradiated composition is removed 
. from the areas heated in contact with the absorbent layer. More preferably at least 90 or at least 95% is removed. The 
hardening or curing step ot the process (by irradiation) can also act to increase the adhesion of the composition to the 

30 substrate. This can be by direct adhesion of the curing composition to the substrate (either chemicaj adhesion by 
reaction or ophysical adherence to surface structure on the flexible layer) or by adhesion (usually by chemical reaction) 
to a primer layer on the substrate. The primer layer may be photosensitive or photoinsensitive to aid in this adherence 
effect. 

[0009] The present invention can be practiced on some commercially available flexographic printing plates (e.g., 
35 DuPont PLS) but is particularly useful with specially designed low temperature melting, high melt index, radiation cur- 
able, elastomeric polyurethane compositions useful in producing flexographic printing plates for use in graphic arts 
printing applications. The cured elastomer compositions have a further property of a reduced tendancy to swell or 
increase in volume when immersed in flexographic inks, such as water based inks utilized in the flexographic printing 
process. This low swell property is critical to the ultimate printing quality which can be achieved with the printing plate 
40 since swelling causes the relief image to enlarge. A 2% dot for instance, due to inordinate swelling of the plate in the 
printing ink may actually print as a 1 5 or 20% dot on the printed page due to this undesirable phenomenon. The press 
life or wear life of the plate on press (the number of impressions until failure occurs) may also be greatly reduced by 
swelling which may result in a loss in physical strength of the cured elastomer compositon. 

[0010] An additional feature of the radiation curable polyurethane elastomers disclosed herein is that they will cure 
45 or crosslink when exposed to actinic radiation without need of additional vinyl containing monomeric additives, such 
as monomers containing more than one vinyl group per molecule. This feature reduces some of the potential for con- 
tamination of the environment of the earth (soil, water or air) with potentially cytotoxic agents. Furthermore, the safety 
of the workers involved in producing and using flexographic printing plates utilizing this technology is enhanced through 
elimination of human exposure to some of these same cytotoxic agents. 
so [0011] Further features of the radiation curable polyurethane elastomers are their relatively low melting temperatures 
and high melt indices (low melt viscosities). The present disclosure particularly concerns flexographic printing plates 
produced from novel radiation curable polyurethane elastomeric compositions, which printing plates are developed 
utilizing a novel solventless absorption processing method. The absorption flexographic plate processing method elim- 
inates the need for liquid developers (water or solvent) of any kind. This novel plate making method results in a sub- 
55 stantial reduction of plate making steps, plate making process time, and the elimination of potentially toxic by-product 
waste streams in plate making. While it is foreseen that the radiation curable elastomeric polyurethane compositions 
may be used for other purposes, and in other industries, they are particularly well suited for application to the flexo- 
graphic printing industry. 
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tiguous to a flexible support layer or sheet which may be, for en ^^J™"! J. radiation) the uncured portions 
process. The ,e«el et-udun, (In the eured > bound to SSSmL d the cured elae- 

jssrsrs £ sissies sfKsrr- r - — - — 



may be selected. 



■ 



surface thereof a radiation hardenable composition in a thickness oi ■ * J^^T ^ wjth an absorbent 

position to harden the composition in irradiated areas, contacting ^^^"f^^Zc, heating said 

fayer which can absorb ™*<*™*™^?Z ^TZ^r^Zl ^^ mi said 
composition layer to a temperature between 40 C and zoo J^"'« n ' b absorbed by said 

temperature being sufficient* high so as ^^^^^^^TSL by weight of said composition 
absorbent layer (usually by flowing into said absorbent layer), a Jowingn at ^ J**^ f sajd absorbent layer 
(which is unirradiated) in unirradiated areas to be absorbed ,by sari [^^^^^^^^^^ step of 
and said at least 75% by weight of composition from said f ^^^^^ ^me bu^Tess than all of said 

of said composition is ^^^^^^S^^ substrate) is pref- 
[00151 The step of irradiating the composition «™ 

riT^^x^^^ sr P rr^x ^ - — e „ ects, « 

SKJ "«ffia"p&« - employed which are ^ ~ = ^ 
tions of: (A) at least one diisocyanate (e.g., a diisocyanate or mixture ot °"»y« ' 

at least one 

agent containing at least 2 free hydrogen containing groups P"£^ **2na 7 ^ extension agent different 
efhylenicalty unsaturated group per molecule, (C) an ^^"^^^ at least 2 

from said first chain extending agent and containing at least 2 free hydrogen , xmV«P^ ^ whjch 

hydroxyl groups and up to 11 carbon ^^SS^l^Z (said potyo. 

contains at least 2 free hydrogen containing groups such as at least ^ W 9 p J p0 | yur ethane elastomer 
preferably but not essentially having a solubility parameter less about : aO) ^^^^ of |ess than about 

comprising the reaction product of 

KdSen^ing group 9 s capable of polymerizing wtth isocyanate groups per molecuie, 
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said polyurethane elastomer having a number average molecular weight of at least 1 0,000 grams/mole, a melt transition 
temperature of less than 1 80°C and a melt index at 1 80°C of at least 0.5 grams/minute. These elastomers may optionally 
contain 0.5 to 20% by weight (preferably 0.75 to 1 2%) of a second chain extending agent different from said first chain 
extending agent and having at least two free hydrogen groups capable of polymerizing with isocyanate groups. The 

s radiation curable polyurethane elastomeric compositions disclosed herein are characterized as belonging to a general 
class of polymers known as segmented copolymers or multiphase polymers, which general class or classes have been 
well described in many references (e.g.. Multiphase Polymers, Advances in Chemistry Series, Vol. 176, Stuart L. Coop- 
er, and Gerald M. Estes, editors, 1978, pp. 1-83). The elastomeric properties of this class of polymers results from 
phase segregation or phase separation between so called "hard" segment domains and "soft 0 segment domains. The 

10 "hard" segment domains, which possess a melt transition temperature or temperatures above the use temperature of 
the elastomer (when used, for example, as a printing plate, the use temperature would be between about 1 5°C - 40° C), 
act as reinforcing domains. The "soft 0 segment domains, which possess a glass transition temperature below the use 
temperature of the elastomer, act as a toughening phase which is able to dissipate energy by a process known as 
viscous energy dissipation. The two phases of the elastomer are thought to exist as seperate phases within the elas- 

15 tomer by virtue of thermodynamic incompatibility. The elastomers of the present invention are preferably able to display 
a percent swell of less than 2%, more preferably less than 1% and most preferably less than 0.5% in water. This 
property is readily measured by immersing the elastomer (e.g., 1 mm thick) in deionized water at 20°C for twenty-four 
hours. If the thickness has increased less than 2%, there is less than 2% swell. 

[001 7] The radiation curable polyurethane elastomers which are produced from the above described polymer forming 
20 reactions are coated in layer form on a support sheet to provide an imageable photopolymer elastomer layered product. 
Following imagewise irradiation induced curing of the elastomer layer, and removal of the uncured elastomer portion 
of the elastomer layer, a flexographic printing plate is provided which is particularly useful in printing when combined 
with water based flexographic printing inks. A particularly important feature of the radiation curable elastomeric poly- 
urethanes is that the radiation curable feature derives from incorporation of the radiation curable functional groups into 
25 the polymer chains during the polymer forming reactions. These radiation curable groups are retained in the uncured 
state during the formation of the polymer chains, however, until activated by exposure to actinic radiation as will occur 
during the flexographic printing plate making process. The radiation curable functional groups are incorporated into 
the polymer chains by chain extending species (B). 

[0018] The chain extension agents (B) useable include therein a reactive unsaturated moiety, preferably particularly 

30 sensitive to, and available for reaction upon curing via free radical reactions to generate cross-linking. Preferred un- 
saturation moities in chain extension agents according to the present invention are carbon-carbon double bonds (olefin- 
ic or ethylenically unsaturated bonds), and particularly preferred moieties are activated carbon-carbon double bonds. 
Generally, "activated" carbon-carbon double bonds in a class of chain extension agents utilizable according to the 
present invention include: double bonds activated through conjugation with a carbonyl group; those double bonds 

35 activated due to substitution by various other functional groups tending to stabilize free-radical formation and hence 
activate the double bond toward free radical reactions. In preferred chain extension agents the "activated" double bond 
is oriented such that, when the chain extension agent is incorporated into the polymer backbone, i.e., between urethane 
or carbamate units, the activated double bond is in a portion of the polymer molecule remote from, or pendant to, the 
polymer backbone. That is, the activated double bond does not itself form part of the polymer backbone, but rather it 

40 is located on the polymer chain in a group pendant therefrom. A general chemical characteristic of chain extension 
agents according to the present invention is that they are di-hydroxy substituted organic compounds, which contain at 
least one activated double bond therein. Preferably no more than two hydroxy groups (that is, preferably less than an 
average of 2.10 and more preferably less than an average of 2.05 hydroxy equivalents per compound) are included 
in the compound, so that the chain extension agents do not generate substantial networking and cross-linking, during 

45 initial reaction with a polyurethane prepolymer to form the extended polyurethane polymer composition (uncured). As 
previously noted, these chain extending species may be di-f ree hydrogen containing compounds, which are inclusive 
of the di-hydroxy compounds. Useful free hydrogen containing compounds would have such groups as -SH, -NHq, or 
-NHR (where R is an alkyl group or phenyl group) in place of one or more of the hydroxy groups. Hydroxy groups are 
especially preferred because of the resultant melting temperatures and melt indexes in the urethane product. The other 

so free hydrogen reactant groups can produce polyurethanes having too high of a melt transition temperature or too low 
of a melt index. It is desirable to produce these polyurethanes with melt transition temperatures less than 155°C (pref- 
erably less than 150°C) and a melt index greater than 5 grams/10 minutes in the temperature range of 100°C to 180°C 
when measured according to ASTM No. D-1 238-70 (preferably between 100°C and 140°C). Preferably, at least one 
and, most preferably, both hydroxy groups of the chain extension agent (B) are primary, so that reaction with isocyanate 

55 moieties to generate chain extension of growing polymer molecules will be relatively rapid, so as to compete effectively 
in reaction with other classes of chain extension agents, described below, utilizable to provide for other advantageous 
chemical and physical characteristics in the elastomeric composition. Preferred chain extension agents are those de- 
scribed in US Pat. 4,578,504 and US Pat. 4,638,040 having the structural formula wherein -X and -Y are hydroxyl and 
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as N,N-bis (2-hydroxyethyl), N'-(methaciyloxyethyl) urea: 

CH 2 =C(CH 3 )C(0)OCH 2 CH 2 NHC(0)N(CH 2 CH 2 OH) 2 

[0 019] .„ preferred compositions an activated double ^ d ^^ « 
polymer to be cured such that, on the average, there is about ^.P^^^^^Zo^ printing 
2.000 to 10,000 molecular weight units in the potymer For use inprefe should be in the 

°n the reaction mixture with a polymer whose weight 
the product. By doubling (to 2%) the weight tf the double bond p«£nfl ^JJ^^Slr weight polymer, the 
is halved to 8.000. Using 2-glycerol methacrylate (GMA) as an examp e. in me 
following relationship would exist for GMA versus equivalent weight (EW): 



% GMA 


EW 


1% 


16,000 


2% 


8,000 


3% 


•5,333 


4% 


4,000 


5% 


3,200 



■ 



[002,1 Tfce po*=HD> - »>e taction mix,™. p~~»g . ^Tt^S^^'hSliSlC^ 

isocyanate having 2 or more NCO groups per polymethylene 
isocyanate. p.p'-diphenylmethaned.isocyanate >W*™*™> iSSf»TlSZnWur* thereof and the like. Suit- 
polypheny. isocyanates, 1 .3.3.5-tetra methyl-1 ^J^S^^S^^ 0 ^^ 1 ^ above mentioned 
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glycol, tetraethylene glycol, glycerine, trimethylol propane, low molecular weight ethylene and/or propylene oxide de- 
rivatives of glycerine, or trimethylol propane and the like. 

[0024] The radiation curable elastomer composition may contain, in additbn to the above described components, 
other components or adjuvants such as photoinitiators, colorants, fillers, catalysts, stabilizers and inhibitors, such as 
s may be desired to impart other properties to the curable elastomer layer such as storage stability, visible color, etc. 
Such adjuvants may be incorporated into the polymer backbone as by reaction or may simply exist as additives to the 
overall composition not incorporated into the polymer chain. 

[0025] As is well known in the art, ethylenically unsaturated bonds (like those which can be pendant from the elas- 
tomers used in the present invention) can be cured directly with ionizing radiation such as e-beams and other high 

10 energy radiation). It is not essential that initiators be present in the composition of the invention, but it is highly desirable. 
Preferably any of the known classes of photoinitiators, particularly free radical photoinitiators such as the quinones, 
acetophenones, benzoin ethers, aryl ketones, peroxides, biimidazoles, diaryliodoniums, triarylsulfoniums (and phos- 
phoniums), diazoniums (especially the aromatic diazoniums), etc. may be used in the compositions of the present 
invention, generally in amounts of from 0.1 to 15% by weight, preferably from 0.3 to 10% by weight, more preferably 

is from 0.5 to 8% by weight of the elastomer The photoinitiators may be used as mixtures of different initiators and/or in 
combination with dyes that are well known in the art to sensitize or spectrally sensitize the photoinitiators. 
[0026] Another desirable aspect of preferred compositions useful in the practice of the present invention is that lower 
molecular weight polyacryloyl (including methacryloyl) materials are not needed in the composition. Such polyacryloyl 
materials (di-, tri-, tetra-, penta-, hexyl-acryloyl or methacryloyl) are undesirable for a number of reasons. The present 

20 invention has no problem operating completely free of polyacryloyl (which includes methacryloyl) compounds with 
molecular weights of 1 000 or less. From many manufacturing standpoints it is especially desirable to have crosslinkable 
compositions with less than 2.0% by weight of such polyacryloyl compounds. The present invention preferably has 
less than 2.0% of such compounds, more preferably less than 1.0%, still more preferably less than 0.5%, and most 
preferably 0% of polyacryloyl materials with molecular weights less than or equal to 1000. 

2S [0027] The radiation curable polyurethane elastomeric compositions are preferably produced utilizing melt polymer- 
ization techniques. Polymerization in the melt avoids the use of organic solvents and solvent mixtures producing an 
elastomer product which can be applied directly to the support sheet in molten form without concern for drying ovens 
which would otherwise be necessary to remove such organic solvents from the elastomeric layer prior to making flex- 
ographic printing plates. A preferred method of producing these compositions involves use of a polymer processing 

30 melt extrusion device, such as a twin-screw counter rotating extrusion device, as the polymerization reactor (such as 
disclosed in U.S. Patent No. 4,843,134). Such an extrusion device provides for temperature control, thorough mixing 
of reacting species, and control of the pressure profiles down the extruder during processing which affects backmixing 
of and the resulting residence time distribution of the reactants. Upon completion of the radiation curable elastomer 
forming reactions in the extruder, the molten, fully reacted, uncured thermoplastic elastomer composition can be applied 

55 directly to the support sheet via passage through a film forming extrusion die followed by contacting a moving web of 
the support materials. The molten uncured elastomer also can be collected as pellets, or in some other solid form 
(slabs) for later processing into flexographic printing plates using other forms of processing such as conventional single 
screw melt extrusion processing. 

[0028] For the purpose of producing a flexographic printing plate having excellent durability (press life), and resist- 
40 ance to delamination of the elastomeric layer from the support layer or sheet, it is generally desirable to enhance the 
adhesion or bonding strength of the cured elastomer layer to the support sheet utilizing priming agents or adhesion 
promoting treatments which are applied to the film or metallic support layer prior to application of the radiation curable 
elastomeric layer. Such treatments are generally done to the surface of the support layer or sheet prior to application 
of the molten curable elastomeric layer. Treatments such as corona discharge treatments, laser modification as in US 
4S Pat. 4,822,451, application of chemical priming agents, or mechanical roughening of the surface are effective in in- 
creasing adhesion of the curable elastomeric layer to the support. 

[0029] Following the completion of fabrication of the radiation curable polyurethane elastomeric composition into a 
planar contiguous layer in contact with a support sheet (film or metallic base), flexographic printing plates can be 
produced by imaging and development. This is accomplished by curing the polyurethane elastomeric layer by exposure 

so to actinic radiation, which exposure acts to harden or crosslink the elastomeric layer rendering it more or less unmeltable 
or insoluble in the irradiated areas. The exposure to actinic radiation can be done in several ways. In a preferred 
method, th curing is accomplished in two exposure steps. The first exposure, called the backside exposure, is done 
with actinic radiation being directed toward and through the support layer into the elastomeric layer with the actinic 
radiation source positioned ajacent to but seperated from the support layer side of the two-layered plate being exposed. 

ss This exposure causes a gradation of curing or crosslinking of a portion of the curable elastomeric layer, the curing 
being most complete nearest the support layer. The time duration of the backside exposure is determined experimen- 
tally and is chosen so as to cause a gradient of cure within the radiation -sensitive elastomeric layer. The highest level 
of cure (crosslinking) of the elastomeric layer occurs nearest the support layer, with the cure levels being reduced as 
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the distance within the elastomeric layer, as measured from the support layer, increases. A so^aMed gna, d ent cure 
takes olace during this exposure step, the gradient resurting from a fall off or reduction in effects act.mc rad.at.on 
£S^n«l levels of the elastomeric layer. This reduction occurs by virtue of at least part.alabsorpt.on of 

s step (brief as compared to the imagewise exposure step which follows), an ,magew.se exposure '^ccomphshed 
uSirgTphotographic negative mask which is pfcced in contact with the elastomer layer and through wh.c i act n.c 
SSon is directed This brief backside exposure is preferabfy done with ionizing radiation and .s not done wrth such 
radia ion or intensity as would generally activate all free radical photoinitiators wtthin the elastomer* layer One can 
read! test the material to determine if there has been cross.inking or differential crossl.nk.ng by common test.ng 

w orocedures such as those shown in U.S. Pat. No. 4,576,850 (Gel Swell measurements). 

?S A vacuum frame exposure device is preferred for such imaging (as opposed to the brief) exposure, wh*h ,s 
TSJXXZEX though exhausting of air from between the easterner layer and the photograph* neg^ 
t£ exposure to actinic radiation in an imagewise manner is then accomplished, wrth the exposure of sujc.ent duration 
as mender the curable elastomeric layer essentially unmeltable or insoluble under reasonable conditions of flexo- 

" E£fi Cthemost preferred method for forming the graded^ure radiation curable elastomeric layer, the radiation 
Se elastomeric planar contiguous layer is exposed to ionizing radiation from an elect ron be ^ ^ «rth the 
accelerated electrons being directed toward and through the support layer into the elastomer.c layer w,th an energy 
insufficient to penetrate the entire curable elastomeric layer. „ lrn hi« 
20 £>32] Preferably less than 75% of the ionizing radiation would penetrate through a th.ckness of 50% of the curable 
Isomeric layer. In this way. the curing, or hardening of the elastomeric layer is only part* ly j^^jhthj^ 
beinq most complete at the interface of the elastomer layer with the support layer or sheet and being incomplete a 
STe ZTeTLJ (surface away from the support sheet) of the planar contiguous elastomer* layer By regutejng o 
otherwise control! ng the penetrating power of the electron beam irradiat.on source, as by controll.ng the potent.al 
2 s tZ "id through'whichthe acceferLg electrons are passed, the path.ength of the 

sheet and elastomeric layer is controlled. The backside pre-imaging cure process step can provide a cont.nuous 
SleTthin Syer of cured elastomer* composrtton strong^ bonded to the substrate. This thin cured layer can ac 
Is a Zing or support surface for later generated image features. Particularly with respect to small deta.ls, e.g 1 or 
5 V£ he too^hysically strengthens the adherence of the small features or details and reduces their tendency 
so for wear or prTmature Removal from'the plate. This increases the detailed printing life of the^xog^ 

[00331 In the preferred method, following electron beam exposure, an .magew.se exposure of theradiation curdle 
elastomeric layer is accomplished. This exposure is most preferably accomplished by exposure o the c^eetarto- 
meric layer to actin* radiafen through a photographic negative mask which is placed .n con act wrth the elastomer 
laver and through which actinic radiation is directed. A vacuum frame exposure dev.ee is preferred for such exposure 
ss w fch is acZp'ished following thorough exhausting of air from between the !^.^ u JJSK 

negative The exposure toactinic radiation in an imagewise manner is then accomplished, wrth the exposure of sufficient 
duration as to render the curable elastomeric layer essentially unmeltable or insoluble. 

SSfl Fo towing imagewise exposure to actinic radiation, the development of the relief structure is accomplished by 
amove, of the un cured portions of the elastomer layer. In the preferred method of removal an absorbant sheet mater* 
40 s utHized n the following manner. The photographic negative mark is removed from the elastomer layer, and . replaced 
with an absorbant sheet material. The absorbant material (which may be referred to as de yelopmen t r ecep tor* «b») 
Ta non-woven web sheet material which contains a void volume fraction of at least 50% of the included volume of the 
sheetTas measured in the uncompressed condition) produced from high temperature melting 

as polypropylene, polyester, nylon or other high temperature melting thermoplastic polymers The melting or ^soften ng 
45 ZgSJS of the absorbant sheet material utilized should be higher than the melting or ^ t^2 
radiation curable elastomer utilized in the planar contiguous layer of the f.exograph.c printing plate being I P«*uca£ 
The uncured elastomer layer is heated by conduction, convection, or other heating methods to a te^rature^sufl cjnt 
to effect melting. By mainlining more or less intimate contact of the absorbant sheet <£^J^ 
meric laver (molten in the uncured regions), a transfer of the uncured elastomer from the planar contiguous laye to 
so material takes pla'ce, While yet in the heated condition, the absorbant sh eet ^er^^arated 

rom the cured elastomer layer in contact with the support layer to reveal the relief structur^ After cooi ng tc room 
teTperature, the resuming flexographic printing plate can be mounted on a printing plate cylinder and tested on a 

SSS? Te^rwrniro^heet materia, utilized to remove the uncured portions of the elastomenc jj ,r 
ss rom the cured portions of said layer possess internal strength and tear resistance at temperatures up to. .nclud ng, 
and sltohSy beyond the melting temperature of the uncured radiation curable polyurethane elastomenc compos.t on, 
aS i tSZSZ Assess a high absorbancy for the molten elastomer composition as measured by the grams of e.as- 
tomer which can be absorbed per milliliter of absorbant material. 
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[0036] The most preferred absorbant sheet materials are spun -bonded nylon non- woven webs such as CEREX™ 
non-woven webs produced by the James River Corporation. Inorganic filament webs, particularly those with porous 
filaments, may also be used. 

[0037] In the use of the term absorption in defining the relative physical property between the development receptor 

s sheets and the melted uncured elastomeric composition, no particular limitation on absorptive phenomena is intended. 
There need not be penetration of the melted composition into the body of fibers, filaments or particles. The absorption 
into the bulk of the development receptor may be only by surface wetting of the interior bulk. The driving force for the 
movement of the melted elastomeric composition into the absorptive area of the development receptor may be one or 
more of surface tension, electrical (e.g., van de Waals forces) forces, polarity attraction, or other physical forces known 

10 to assist in promoting philicity, adsorption or absorption of materials. 

[0038] In summary, the curable polyurethane elastomeric compositions comprise the reaction products of: 1) an 
organic diisocyanate composition, which may include a mixture of diisocyanates; 2) a chain extension agent compo- 
sition including an effective amount of a difunctional hydroxyl reactant containing a carbon-carbon double bond; and 
3) a polyol having a molecule weight of at least 500 grams/mole and at least 2 hydroxyl groups which upon reaction 

is of at least those three ingredients generates curable polyurethane elastomeric compositions particularly useful in their 
cured forms as flexographic printing plate compositions. The invention also describes flexographic printing plate ma- 
terials comprising a cured polyurethane elastomeric composition having adhered thereto a substrate, which flexograph- 
ic printing plate materials are produced via a solventless absorption process method utilizing an absorbant sheet ma- 
terial to remove the uncured elastomer portions of the adherant elastomer layer. 

20 [0039] It is to be understood that the disclosures made herein are merely exemplary of the invention, which may be 
embodied in various forms and systems, Therefore, specific details disclosed herein are not to be interpreted as limiting 
unless so specified. Rather, as the disclosure should be considered support and a representative basis for teaching 
one skilled in the art to variously practice the present invention in appropriate systems and manners. 
[0040] The present invention includes within its scope: improved curable polyurethane elastomeric resin composi- 

25 tions; certain cured elastomeric compositions; methods for producing improved flexographic printing plate materials 
from these curable elastomeric compositions; improved flexographic printing plate materials produced from the im- 
proved compositions and an improved method of manufacture. The improved polyurethane elastomeric compositions 
. according to the present invention are generally suitable for curing upon exposure to irradiation, for example ultraviolet 
(UV) or electron beam (EB) irradiation. The compositions are particularly well suited for use as flexographic printing 

30 plates when used in conjunction with a support layer or sheet to which they are adhered. 

Curable Polyurethane Elastomeric Compositions 

[0041] The polyurethane elastomeric compositions disclosed herein include a chain extension agent incorporated 
into the backbone of a polyurethane polymer, the chain extension agent including therein, and preferably pendant to 
the polymer backbone, an unsaturation site available for cross-linking the polymer upon irradiation cure. Typically, for 
preferred embodiments, the unsaturation site is an activated carbon-carbon double bond. 

[0042] Preferred polyurethane elastomeric compositions useful herein are formed from the following constituents: 

(a) an organic diisocyanate; 

(b) a preferred chain extension agent according to the present invention having incorporated therein an unsatu- 
ration site preferably displaced from the polymer backbone by a spacer group or groups so as to be pendant to 
the polymer chain following incorporation; 

(c) a dihydroxy functional chain extender, preferably containing 2-8 aliphatic carbon atoms, as a reinforcing agent 
to promote toughness in the polymer; 

(d) a hydrophobic macroglycol or higher molecular weight polyol having a molecular weight in the range from about 
500 to about 5000 grams/mole, which provides elasticity and energy dissipation capability in the polymeric com- 
position when incorporated between the rather hard urethane segments. 

so [0043] It should be readily understood that the above f ou r constituents may be varied in structure and relative amounts 
in the curable compositions, in a manner permitting production of elastomeric compositions having a wide variety of 
chemical and physical performance properties. Desired uncured and cured properties can be readily obtained, and 
predictably and consistently generated. For example, by varying the relative amounts of diisocyanate (a), and short 
chain extending diols (b) and (c) as a proportion by weight of the total mass of the curable composition, the durometer 

55 or Shore hardness of the elastomer can be varied and controlled. Furthermore, by varying the proportion by weight of 
the chain extending species (b) to the total mass of the elastomer composition, the cross-link density (average molecular 
weight between crosslink sites) can be control lably and predictably varied in the cured composition. 
[0044] Organic diisocyanates useable in forming elastomeric polyurethane compositions may be of a variety of types. 
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General*, aromatic or cycio.iphatic diisocyanates having an average molecuiar weight ot about 160 to about 450 are 
preferred. These include, for example: 

4,4'-di(isocyanatophenyl) methane 
4,4"-di(isocyanatocyclohexyl) methane 
2,4-toluene diisocyanate 
2,6-toluene diisocyanate 
p-phenylene diisocyanate 
1 ,4-di(isocyanato) cyclohexane 
isophorone diisocyanate 

polyether potyols having an average hydroxy, ^JJJJ^^^ can be employed 

about 250 to about 5000. preferably from about 1000 to about 3500. Suitable ' P°' y ^ P y ^, ene oxide or mlxtures 
include those which are prepared by reacting an alkylene^ ^^^^^^ epichlorohydrin 
thereof with an active hydrogen containing compound. Pref ered oxides are 1 ,2 butyiene ox.o 

either alone or in combination. incomoration of vet a third class of diol 

[0047] .mprovements according to the present invention ™^™» n J™^^^^ be used to intro- 
compound into the polymer forming reaction mixture. Th.s op tonal third class at aa «P * 

also includes an unsaturated moiety, generally pendant to ine resumns \f*>y linsaturated dio | provides a dual 

cious selection of this species with particular regard or structural *» "^J^InSiSi a reduction 
function of being both a curab.e moiety which provides for ; a *f<^ further 
of the melting temperature of the elastomenc composition to ^^"J^^ , ne e |astomeric corn- 
enable the production of a flexographic printing plate produced via '^^^"^^"^rbanl material at tern- 
position, foltowed by remova. of the uncross.inked elastomer ^^"^S^r^uSe^^elow the heat 
peratures above the mefting point of the uncured elastomenc oompcMnv Preferably the 
distortion temperatures of the support layer beneath the cured ^^^^^^^^^ double 
unsaturated diol comprises an unsaturate site with an act,va ^^"^ irradiation, 
bond is thus readily available and particularly reactive for ti ^^^^^^ mlM ^ dl an agent 
[0048] The term "activated", or variants thereof when used ,n assoc^tion ^ h an U ^™ ormed J ereat J be 
refers to a basic type of unsaturate site which abated > n ^^^^JSSLd double bonds 

*! c ^x^^ — ' ~* ^ eXamP ' e 

acrylates, methacrylates, and acrylamides. avt<5r ,Hinn riiois include- 1- or 2-glycerol acrylate or 

crosslinked, and therefore brittle, cured composition Such a ~ m ^^ unsaturated moi- 

not typically those invoking a resilient flexographic JJJSS as equ red^o resist flow above the 

slssm re^trr^h^ - - *«•» - 

surface rendering the printed matter produced from it as unacceptable. 
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Formation of the Curable Elastomeric Compositions 

[0051] The curable elastomeric compositions can be produced by any of a number well known solvent based or mett 
polymerization techniques. Melt polymerization techniques such as one shot, pre-polymer with hand casting, reaction 
s injection molding, or reactive extrusion techniques, are preferred since these methods can eliminate solvents and 
solvent drying. 

[0052] Particularly preferred techniques are those involving reactive extrusion utilizing multi-screw extrusion equip- 
ment such as counter rotating twin-screw extrusion equipment. 

[0053] The percent by weight change of the cured elastomer composition when immersed in various liquids is de- 
10 termined by the following procedure: 

[0054] Test strips of cured elastomer of dimensions 1 2.7mm x 25.4mm x 0.4mm are weighed to the nearest 0.0001 
gram (S1 ). The strips are then placed in sufficient liquid as to be fully immersed and equilibrated for 24 hours. After 
careful removal using a forceps, excess liquid is removed from the test strip using an absorbant towel, and the strip is 
reweighed to the nearest 0.0001 gram (S2). The percent of swelling (% Swell) is calculated by the following equation: 

15 

% Swell = S2 " S1 x100 

[0055] The percentage of gell (% Gel) after curing the elastomer compositions is determined by the following proce- 
20 dure: 

[0056] Test strips 1 2.7mm x 1 02mm x 0.4mm are weighed to the nearest 0.0001 gram (G1 ). The strips are immersed 
in 50 grams of tetrahydrofuran and allowed to soak for 24 hours. The swollen strips are carefully removed from the 
solvent using a forceps, excess solvent is removed from them with an absorbent material and the strips are placed in 
a pre-weighed aluminum pan. The strips are allowed to air dry for 8 hours followed by drying for 8 hours in a vacuum 
25 oven maintained at 80° C and 29 inches of mercury vacuum. The strips/pan are re-weighed with the gel weight (G2) 
being determined by difference. The % Gel is calculated as follows: 

* 

%Gel = ^|x100 

30 

[0057] The storage modulus, E', lossmodulus, E", and loss tangent a, of the elastomeric compositions are determined 
utilizing commercially available measuring equipment, in this case a Rheovibron Analyzer (product of the Toyo-Baldwin 
Co.- Tokyo, Japan) using the following procedure: 

[0058] Test strips of approximately 3.8mm x 70mm x 0.4mm are placed between the jaw clamps of the Rheovibron 
35 apparatus. The sample is tensioned slightly and then cooled to -50°C, at which point a sinusoidal tension is applied 
from the driver side of the apparatus at a frequency of 11 Herz while the sample temperature is elevated at the rate of 
+3°C per minute. The resulting tension applied through the sample to the other support arm and its phase shift in 
degrees from the driving tension are measured and used to calculate E\ E", and Tan a (tangent of the angle a). 
[0059] The melt index of the molten uncured elastomer compositions is determined according to ASTM No. D 1 238-70 
40 as follows. Five (5.0) grams of elastomer pellets are loaded into the heated chamber of a Tlnius-Olsen Extrusion 
Plastometer, which chamber is equilabrated at a temperature of 153 +/- 0.5°C. A load of 1100 grams mass is applied 
to the melting elastomer in the chamber, which load acts to force the molten elastomer composition from the small 
orifice at the bottom of the Plastometer chamber. After 5 minutes, during which period the polymer flow tends toward 
equilibrium, a sample of extruded elastomer is collected over a 20 second interval and weighed as M1 . The melt index 
45 js then calculated using the following equation: 

Melt Index = M1 x 30 [having the units of grams/10 minutes] 

so Example 1A 

Curable Elastomer Composition from 2-Glycerol Methacrylate Unsaturated Diol and Poly 1 ,2-(butvlene oxide) Diol 

[0060] A radiation curable polyurethane elastomeric composition was prepared in a twin-screw extrusion reactor as 
55 follows: 

I. A polyol mixture was prepared of the following components which were thoroughly mixed in a feed tank until 
homogenious: 
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A. 286.1 parts (0.2861 moles) of a 1000 molecular weight poly 1 ,2-(butylene oxide) diol (Dow Chemical Co.); 

B. 32.8 parts (0.3644 mole) of 1 ,4-butane diol (GAF Chemical Co.) 

C. 10.7 parts (0.0669 mole) of 2-glycerol methacrylate (3M Co.); 

D. 10.6 parts of diethoxy acetophenone (lrgacure-651 ,Ciba-Geigy Co.) 

E. 0.1 part methylene blue 

F. 0.06 part ferric chloride 

G. 0.26 part dibutyl tin dilaurate 

II A precision flow metering system was utilized to meter the above polyol stream into the inlet port of a 64 mm 
Ln-s^ew ZuZr rotating extruder (Leistritz Co.) at a ratio of 62.47 parts by weight of polyol s ream to 37.53 
parts ^y^weig^ 4S(iso=yanato cyclohexyl) methane (Desmodur W™, Mobay Chemical Co.y At this mass 
?atto there wis a slight equivalency excess of isocyanate moities in the feed stream re.at.ve to hydroxyl mo.et es. 
C^actTortempeL the polymerizing mass was maintained in the range of 1 50 to 1 70*C as ^™<**™ 
occurred in ^the extruder. Upon exiting from the extruder, the fully reacted curable elastomer composition was 
Soregatea into pellets having diameters of approximate* 0. 3 cm which were collected for further processes The 
compSenels of the polymerization reaction was determined by monitoring the infrared -P^ * 
?he curab^ elastomer product and determining the absorbance ratio of the -NCO absorption band (2250 cm- 1) to 
he absottton b'and (2950cm-1). A ratio of less than 0.2 indicated a complete reaction with only a shght 
excess of -NCO groups remaining. The mett index of the curable elastomer composrtion was mon.tered at a tem- 
peSuri .of 153-C usfng a load of 1100 grams on the heated chamber of the Extrusion Plastometer and found to 
be in the range between 1 0 and 20 grams per 1 0 minute interval. 

[0061] The fully reacted curable polyurethane elastomeric Composition 1 A consisted of the following mole ratios of 
constituents: 



Component 


Moles 


4,4 , -bis(isocyanato cyclohexyl) methane . 
1 ,4 butane diol 
2-glycerol methacrylate 
poly 1 ,2 (butylene oxide) diol 


2.730 
. 1.274 
0.234 
1.000 



Example 1 B 

r.nrehle and Curart Elastomeric Fil m* and Flexooranhic Printing Plates from Composition 1A 

.00621 The radiation curable polyurethane elastomeric Composition 1A described in Example 1 A was reextruded 
n^a curable fSxographic priming plate construction utilizing a 125 mm single screw extrusion device as ollows^ 
Curdle ^^Z^ Jcon^ftion 1 A were charged into the feed hopper of the extruder. The ^emperatures ,oi 
fheCted zonTs of the extruder were maintained between 1 30 and 160-C during the experiment A film extrusion d^ 
was utlzed auhe exit of the extruder to allow casting of the extrudate onto a polyethylene terephthalate f. m base of 
oTsZ tSckness to oVm the planar contiguous curable elastomeric layer of the flexographic printing plate. Prior to 
oealnTnq t Te ext^on Tep the major portion of the film base had been coated with a priming composite comprising 
a tnT-SdSTe SmpoTnd (a's disclosed in EPO Publication 0 206 669) to enhance adhesion of the extruded layer The 
ext ud^e wat Produced nto a controlled orifice gap consisting of two rotating chill rolls maintained at 20 -25 G An 
u^nmeS too film oTpolvethylene terephthalate of 0.08mm thickness was introduced into this gap also to serve as a 
S Zv^cwtTLtZme* layer prior to formation of the flexographic printing plate by irradiation 
^^cuZaI^L of the extrudate was applied to unprimed 0.18mm film base for the purpose of -easumg% 
S and % Swell after cure and physical properties (tensile strength and modulus at room temperature, and dynamic 

^r^^ZTJLmayere* product of thickness 0.66mm was thus produced having a curable ebsto- 
Saytrcr P osition 1 A of thickness 0.4mm more or less in combination with a support sheet of polyethylene 
toronhthalate film of 0 1 8mm thickness and a removable top film of 0.08mm thickness. 

looS A ToZ ^of the eluded curable elastomer* composition which had been applied to unprimed film base was 
Sby Cxp^ure io r 1 0 minutes duration at an intensity of 11 ,200 mi.lijou.es/cm* to actinic radfction utilizing , a vacuum 
frame St light exposure unit (Kelleigh Model #210 flexographic plate exposure unit). Physic al , P^«Jes before 
a^after cu e we?e evaLrted by tensile strength testing according to ASTM D 1 708 at a crosshead speed of 30 cnV 



12 



EP 0 468 745 B1 



minute. Results are summarized in Table I. Dynamic thermomechanical testing to determine storage modulus E\ loss 
modulus E", and Tan a was done as previously described. The results are graphically displayed in Figure 1. The % 
Gel was determined to measure the degree of insolubility produced by radiation curing and is summarized in Table II. 7 
The % Swell of the cured elastomeric composition after immersion in water and water/alcohol mixtures for 24 hours 
was determined as a measure of the resistance of that composition against swelling in various water based ink formu- 
lations, and is summarized in Table ill. 



Table I 





Physical Properties of Uncured & Cured Films 


Example 


Tensile Strength kg/cm2 


Elastic Modulus kg/cm2 


Modulus kg/cm2 


% Elongation 


1B-uncured 


280.4 


208.5 


43.7 


510.0 


IB-cured 


267.7 


105.7 


59.9 


343.0 


2B-uncured 


201.5 


199.4 


42.0 


500.0 


2B-cured 


208.5 


210.7 


71.9 


276.4 


3B-uncured 










3B-cured 











[0065] The data demonstrate the elastic properties of the uncured and cured elastomeric compositions. 



Table II 



Example 


% Gel (24 hours extraction in THF) after UV Curing Exposure 


1B-uncured 


-0- 


1 B-cured 


79.2 


2B-uncured 


-0- 


2B-cured 


92.1 


3B-uncured 


-0- 


I 3B-cured 





[0066] The data demonstrate the conversion during radiation exposure of the uncured elastomeric compositions to 
relatively insoluble cured compositions having % Gel contents in excess of 70%. 



Table III 





% Swell (24 hours immersion in 98/2. H 2 0/ 95/5 H 2 0/ 87.5% H 2 0/) 


Example 


100% H 2 0 


glycerine 


n-propanol 


isopropanol* 


1 B-cured 
2B-cured 
3B-cured 


0.78 


0.83 


1.78 


1.8 



• pH adjusted to 9.2 with ammonia (aq). 



[0067] The data demonstrate the excellent resistance to swelling of the cured elastomeric compositions of the present 
invention in various water and water/alcohol mixtures as representative of water based flexographic ink formulations. 
[0068] One-meter long sections of the multi-layered product described in the previous two paragraphs were irradiated 
with ionizing radiation from an Electrocurtain™ electron beam irradiation device (product of Energy Sciences, Inc.) as 
follows. The accelerating potential of the electrons eminating from the unit was preset to 240 kiloelectron volts. The 
product section was exposed to the electron beam energy in an orientation so that the beam energy was directed 
toward the product from the 0.4mm polyester film support side. In this manner, the portion of the curable elastomer 
layer in contact with the primed polyester film base received the greatest irradiation energy. The energy dose was 
controlled so that the product received an absorbed dose of 5 megarads as measured at the point at which the beam 
entered the product surface. This exposure step was accomplished over the entire product area so as to partially cure, 
or render unmeltable, and insoluble, a portion of the curable elastomeric layer, particularly that portion in direct contact 
with the polyester support base. 

[0069] An imagewise exposure of the planar contiguous elastomeric layer was next accomplished as follows. The 
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ir^aS 

A silver halide photographic exposure negative (cf the type >"™<™™ £ £ ^SSSlSS^i a clown (which 
picture information in the form of the magenta separa .on obtained ^^J^^ detinition) was placed 
separation was produced utilizing a film scanner (Hell CorP°rat£n) *52.4 Jne^" ^ multiped "sand- 
in contact with the urethane resin/silicon diox.de coated s.de of the curable el— j£ proce880r ^ #210). 
wich' was placed in the vacuum exposure frame conta.ned ,n * K ?^' 9 ^ P applied , and the air was 

The top film attached to the exposure frame was drawn ^ ^6^22^ S^vToteU.ght exposure of the plate 
exhausted between the exposure negative and the ^'^^ 

throughthephotographicnegativew^ of elastomeric teyer {pno - 

and the exposure negative removed. A v.s.ble .mage was noted .n tne , u _ P cotor) whjie the unexposed 

tob.eaching had occurred which rendered the exposed areas trar JP^J^^^iS oS^erto layer (to complete 
areas remained light blue in color. Removal of the unexposed and ™* ™ ot ^oven spun- 

the manufacture ol a f,ex ? « SSSSSZ ^^0^ basis weight 66 grams/ 
bonded nylon porous web (CEREX™ spunbonaea ny.on a pi nr „ esssed A )aver Q f the non^oven web was 
square meter were cut in size to match the area of the pla ^ ^ preceajw^A layer o 
placed in contact with the elastomer layer of the exposed plate. The larmnate was placed orv P 
Led to f 35-C with the popster film surface of the plate .n cc^** iKJS 30 cm/minute 
were two heated, rubber covered, nip rolls wh.ch were mov.n ^ZT^^^^^^ the nip roll 
and which were gapped so as to light* compress p^ed in to the nip roll gap. As the 

gap. After a few seconds of warm-up^ tone on ,* ^^^^1^^ lifted from the heated elastomer 
•sandwich" eminated from the heated n.p, the CEREX non woven . w « » d been removed 

sudace wrthsteadytens.on.lt was noted that thenon^ 

via absorption of the thermoplastic uncured portions o the elastomer ^.ntc rtne non wo^ f c(jred 

the clown at 52.4 lines/cm was evident in *° 

product through the heated nip of the lam.na or wrth ,resn .f a E ^^ ner n ^ e ^ e e " holographic negative color separations 
the removal of the unexposed areas of the plate. In ^^^^^^^^ Je in color printing. 

picture was reproduced in this way. _ . ortrrin heam eX DOsure and resulting curing step, the 

[0071] To further demonstrate the utihty ^J^J^ZSZ eteiome^ which had been applied 
following experiment was conducted. Sect.onsof the extruded ^^l^ 1 ^^^^ electron bea m exposure 
to the primed polyester film base were exposed to <™W*£™ iT^ar^ » a. to allow the ionizing beam 
device as previously described. The beam to P r ^ u ^ or ' e ™J d a e S f n 9 S™h 0 wever the accelerating voltage of 
of radiatbn to enter the product through the 0.4mm Wm ^PP^*. JjJ^J^^S the dose was maintained 
the electrons was varied over the range from 240 KeV to 280 KeV ir 'Steps oi j u ■ removed 
at 5 megarads. Following exposure to ionizing radiafoa the printing 
by adsorption into CEREX™ non-woven nylon web as the remaking caliper 

plates containing the down separations After .ernova ^J^ e J^^^^ a digital micrometer, 
of cured elastomer and its adherent polyester f.lm base was de ^m'^a methods. The data is 

A total of four measurements of each sample was ^ade to aHow ™toess of the plate and 

summarized in Figure 2. The ^ knes ^ following imagewise exposure 

will be that thickness down to wh.ch removal of uncured el ^° mer w " ° h extrusion process and is set by 

of the flexographic plate. The total caliper of the pr.nt.ng PjaJ » car *o f d ^ calculating the difference 

imagewise exposure. The relief depth of the pr.nt.ng areas f^^^^J^ calipe ? 0 f 22 mils, and 
between the total plate caliper and the floor thickness of the P^'^^KU 240 KeV of 

brr^r^r^^^ — - 



examples. 

5 
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Example 2A 

Curable Elastomeric Composition from N,N-Bis(2-hvdroxv-ethvn,NWmethacrvloxv ethvh urea unsaturated diol and 
poly 1 ,2-(butylene oxide) diol 

Preparation of Unsaturated diol: 



[0072] A 10 gallon glass lined Pfaudler chemical reaction vessel was utilized for the reaction. The following materials 
were used. 



Component 


Kg. 


Kg-Moles 


A. Diethanol amine (Dow Chemical Co.) 

B. poly 1,2-(butylene oxide) diol (Dow) 

C. 2-isocyanato ethyl methacrylate (distilled under vacuum - Dow Chemical Co.) 

D. Phenothiazine 


7.22 
9.09 
10.96 


0.0687 
0.0091 
0.07 

8.2 grams - 



[0073] Components A and B were charged to the vessel under vacuum and cooled to a temperature of 20° C with 
agitation. Component D was added while a nitrogen gas blanket was established in the vessel after which component 
C was slowly metered into the reactor while cooling the reactor jacket with cold water. The addition rate was controlled 
so as to maintain the reaction temperature below 40°C. The addition of component C was complete after 1 hour of 
addition time. After allowing 15 minutes for the reaction to be completed, a small sample of the reaction mixture was 
withdrawn and examined by infrared spectroscopy for the presence of residual isocyanate moieties. A very slight ab- 
sorption band at 2250 cm-1 was noted, indicating the desired slight excess of -NC0 in the reaction mixture. The contents 
of the reactor were drained into lined pails and held for further use as described below. The resulting N,N-Bis(2-hy- 
droxyethyl)-N'-(methacryloxy ethyl)urea unsaturated diol product was further characterized by 1H and 13C NMR to 
establish its structure and purity. 

[0074] A radiation curable polyurethane elastomeric composition was prepared from the above unsaturated diol as 
follows. 

I. A polyol mixture was prepared of the following components which were thoroughly mixed in a feed tank until 
homogenious: 

A. 260 parts (0.26 moles) of a 1000 molecular weight poly 1 ,2-(butyIene oxide) diol (Dow Chemical Co.); 

B. 29.7 parts (0.33 mole) of 1 ,4-butane diol (GAF Chemical Co.) 

C. 22.97 parts of reaction product above containing 0.0606mole of N,N-Bis (2-hydrqxyethyl)-N'-(methacryloxy 
ethyl)urea and 0.0007 mole of poly 1 ,2(butylene oxide) polyol 

D. 5.0 parts of diethoxy acetophenone (lrgacure-651 , Ciba-Geigy Co.) 

E. 0.1 part methylene blue 

F. 0.06 part ferric chloride 

G. 0.25 part dibutyl tin dilaurate 

II. A precision flow metering system was utilized to meter the above polyol stream into the inlet port of a 64 mm 
twin-screw counter rotating extruder (Leistritz Co.) at a ratio of 63.17 parts by weight of polyol stream to 36.83 
parts by weight 4,4' -bis (isocyanato cyclohexyl) methane (Desmodur™ W- Mobay Chemical Co.). At this mass 
ratio, there was a slight equivalency excess of isocyanate moities in the feed stream relative to hydroxy I moities. 
The reaction temperature of the polymerizing mass was maintained in the range of 1 50 to 1 70°C as polymerization 
occurred in the extruder. Upon exiting from the extruder, the fully reacted curable elastomer composition was 
segregated into pellets of diameter of approximately 0.3 cm which were collected for further processing. The com- 
pleteness of the polymerization reaction was determined by monitoring the infrared spectrum of a cast film of the 
curable elastomer product and determining the absorbance ratio of the -NCO absorption band (2250 cm-1) to the 
-CH2-absorption band (2950cm-1), which ratio proved to be less than 0.2 indicating a complete reaction with only 
a slight excess of -NCO groups remaining. The melt index of the curable elastomer composition was monitored 
at a temperature of 153°C using a load of 1100 grams on the heated chamber of the Extrusion Plastometer and 
found to be in the range between 5 and 10 grams per 10 minute interval. 

[0075] The fully reacted curable polyurethane elastomeric Composition 2A consisted of the following mole ratios of 
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constituents: 
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Component 

4,4'-bis(isocyanato cyclohexyl) methane 
1 ,4-butane diol 
N,N-Bis (2-hydroxyethyl), 
N'-(methacryloxy ethyl) urea 
poly 1,2-(b utylene oxide) diol 

[0076] ^calculation, 
units. 

Example 2B 

0^ and cured EJasto ggrjc — and n^oNc Printing PJates from Experiment PA , Composition 2A 

[0077] The radiation curab.e poiyurethane SS^SS^S asTo^ws. 

nto a curable flexographic printing plate constructs ^^^^'^^J^Sdar. The temperatures of 
Curable elastomer pellets of Composition 2A ™ *^ ^^duChe experiment. Afilm extrusion die 

the heated zones of the extruder were ^JteoSo a polyethylene terephthalate film base of 

was utilized at the exit of the extruder to allow casting ^J^"**™*^^* of the flexographic printing 
0. 1 8mm thickness for the purpose of forming the planar con V & 

plate. Prior to beginning the extrusion step the mapr ports of ^^Smo a controlled orifice gap consisting 
sition to enhance adhesion of the extruded layer. The ^^^r^Mhylene terephthalate of 0.08mm thick- 

« f moats at room, temperature, and dynamic P^uced having a curable elasto- 

[0078] A continuous roll of ^"^f^^^^ with a support sheet of polyethylene 

[0079] A portion of the extruded curable e lastomeric ^u U m Jrame ultraviolet light exposure unit 
cured by exposure for 10 minutes durat,on to ^J^^^^SZ and after cure were evaluated by 
(Kelleigh Mode. #210 flexographic plate , exoosuje ^^^^^SSL^ Results are summarized in 
tensile strength testing according to ASTM D 1708 at a cr ^ s "~ a j^\ £1 fo modulus E", and Tan o were deter- 
Table I. Dynamic thermomechanical testing to dmj^^ G Twas determined to measure the 
mined by Rheovibron™ analysis and are summanzed a n Tab e H The % Swell of the cured elastomeric 
degree of insolubility produced by radiafon '"^^^SSSt 24 'hours was determined as a measure of the 
composition after immersion in water and water/alcohol mixtures for * 4 d jg summarize d in Table III. 

resistance of that composition against swelling in ^^^^Z«^^o paragraphs were irradiated 
[0080] One-meter long sections of the mutt.-layered product described ^ Prevss W ,p g P ^ 
with ionizing radiation from an E.ectrocurtain™ electron beam ^^^^2A0 ^electron volts. The 
foltows. The accelerating potent*. «Z££Z^^£,^ P ** the beam energy was directed 
product section was exposed to the electron Beam energy « tne portion of the curable elastomer 

toward the product from the 0.4mm polyester film energy. The energy dose was 
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graphic arts test patterns with half-tone dots from 65 to 1 50 line screen at % dot densities from 2% to 95% was placed 
in contact with the urethane resin/silicon dioxide coated side of the curable elastomeric layer. This multilayered "sand- 
wich" was placed in the vacuum exposure frame contained in a Kelleigh flexographic plate processor (Model #210). 
The top film attached to the exposure frame was drawn over the "sandwich", vacuum was applied, and the air was 

s exhausted between the exposure negative and the curable elastomer surface. Ultraviolet light exposure of the plate 
through the photographic negative was then accomplished for a 6 minute period, after which the evacuation was ter- 
minated, and the exposure negative removed. A visible image was noted in the UV exposed areas of elastomeric layer 
(photobleaching had occurred which rendered the exposed areas transparent and a light yellow color) while the unex- 
posed areas remained light blue in color. Removal of the unexposed and uncured areas of the elastomeric layer (to 

10 complete the manufacture of a flexographic printing plate) was next accomplished as follows. Sections of non-woven 
spun-bonded nylon porous web (CEREX™ spunbonded nylon, a product of James River Corp:) of basis weight 66 
grams/square meter were cut in size to match the area of the plate to be processsed. A layer of the non -woven web 
was placed in contact with the elastomer layer of the exposed plate. The laminate was placed on a heated platten 
equilibrated to 135°C with the polyester film surface of the plate in contact with the platten. Directly adjacent to the 

is platten were two heated, rubber covered, nip rolls which were moving in counter-rotation at a linear speed of 30 cm/ 
minute and which were gapped so as to lightly compress the laminate of non -woven/plate as it was introduced into the 
nip roll gap. After a few seconds of warm-up time on the platten, the laminate was gently pushed into the nip roll gap. 
As the "sandwich" eminated from the heated nip, the CEREX™ non-woven web was gently lifted from the heated 
elastomer surface with steady tension. It was noted that the non-cured areas of the elastomer layer of the plate had 

20 been removed via absorption of the uncured thermoplastic portions of the elastomer into the non-woven web. A flex- 
ographic printing plate was produced having a half-tone relief image which matched the pattern of the exposure neg- 
ative. Two additional trips of the cured product through the heated nip of the laminator with fresh CEREX™ non-woven 
web sections were required to complete the removal of the unexposed areas of the plate. 

[0082] Printing was accomplished using a 0.4 meter wide G ALLUS Comco flexogrpahic printing press, water based 

25 flexographic printing inks (Louis Wemeke Co.) and a pressure sensitive adhesive backed tag and label printing sub- 
strate. Excellent tonal reproduction of the. original test negative was noted in the printed samples. 
[0083] The ionizing radiation used to create the floor, or the cured elastomer zone between the substrate and the 
unirradiated elastomer can effectively be used to control the thickness of the floor or anchoring zone. Ionizing radiation 
attenuates in the composition in direct proportion to its energy. The thickness of the zone varies almost exactly linearly 

30 with the intensity of the radiation used (given a constant time exposure). For example, with this Example, a 200 Kv 
exposure produces an 8 mil (0.250 mm) floor, 210 Kv a 10 mil (.254 mm) floor, and 240 Kv a 14 mi] (.332 mm) floor. 
[0084] Another unique aspect of the present invention is the recyclable nature of the developmental^ removed com- 
position and the development sheet. After removal of the unexposed composition from the photosensitive article, the 
absorbent layer with the composition therein can be further treated to remove the absorbed or entrapped composition 

35 and reuse both the recovered composition and the absorbent layer. The composition can be removed simply by blowing 
heated air (above the softening temperature of the composition) through the absorbent layer so that the composition 
softens enough to be forced out of the absorbent layer into a receiving tray or vessel. The hot air may be blown by a 
slot vent over the width of the absorbent layer or the layer may be wrapped or carried about a drum with heated air 
directed out of the drum and through the layer. The less viscous the composition is made by heating, the less force is 

40 needed to remove it. The combination of heating and forced air can eject the composition in the form of droplets which 
are directed towards a cooling bath (e.g., water). They will then form pellets which can be reheated/redissolved and 
be coated out again onto a printing plate surface. The recycled pellets would probably be combined with virgin formu- 
lation to assure that any property changes occurring during development and recycling were minimzed. 

45 Example 3A 

Curable Elastomer Composition from N,N-Bis)2-hydroxyethyl), N'-(methacryloxv-ethyl)urea unsaturated diol and polv- 
1 ,2-(butvlene oxide) diol 

50 [0085] A radiation curable polyurethane elastomeric composition was prepared in a twin-screw extrusion reactor as 
follows: 

I. A polyol mixture was prepared of the following components which were thoroughly mixed in a feed tank until 
homogenious: 

55 

A. 36.9 parts (0.0369 moles) of a 1000 molecular weight poly-1 ,2-(butylene oxide) diol (Dow Chemical Co.); 

B. 7.8 parts (0.0867 mole) of 1 ,4-butane-diol (GAF Chemical Co.) 

C. 4.4 parts of a mixture of 2.97 parts (0.0115 moles of N,N-Bis(2-hydroxyethyl), N'-(methacryloxy ethyl)urea 



17 



EP 0 468 745 B1 



unsaturated did and 1.43 parts (0.0014 mole) of * 

D. 0.5 parts of <x,adiethoxy acetophenone (lrgacur*651. Ciba Geigy Co.) 

E. 0.015 part methylene blue 

F. 0.01 part ferric chloride 

G. 0.04 part dibutyl tin dilaurate 

„. a precision flow metering system was uti.ized to TolT^Bl 
twin-screw counter rotating extruder ( L ^J^^ At this mass 

parts by weight 4,4'-bis-(isocyanato cyclohexyl) ™f^°J°^ 

ratio, there was a slight equivalency excess of .socyanat emo et.es > irv he '™™r°* ^ > s polym e r ization 

The eactk>n temperature of the polymerizing mass was 7"-^*^*2£ compositton was segre- 
occurred in the extruder. Upon exitting the extruder, the tujy reacted cumb le e **™£J^ The complete . 
gated into pei.ets of diameter of approximately 0.3 cm ^^^^J^S^!^ of the curable 
ness of the polymerization reaction was determined ^ the ,nf JJ^SSSrt (2250 ^ ) to the -CH 2 - 
elastomer product and determining the absentee rate of the eaction wit ' h only a slight 

absorption band (2950cm-). which ntfo ^^^^^SS^Son was monitered at a 
S» <S^™S " h™chamber of the Extrusion P.astometer and found to 
be in the range between 10 and 20 grams per 10 minute interval. 

[0 086] The fully reacted curable pofyurethane elastomeric Composition 3A consisted o, the following mole ratios of 

constituents: 



4,4*-bis-(isocyanato cyclohexyl) methane 
1 ,4-butane-diol 

N,N-Bis(2-hydroxyethyl), N'-(methacryloxy ethyl) urea 
poly 1 ,2-(butylene oxide)-diol 



[0087, By calculation. ComposKion 3A possesses one unsaturated crossing sfte per every 7,530 molecular weigh, 
units, and 55.6% by weight hard segment units. 

Example 4 A 

..^^O ^ N M.R, s r2-hvdrowethv,) N'-fmethac^ othyDurea , saturated diol, pdyl, 2- 

[butylene>oylriQVdiol and p oiY-{«p^hloridrinVdiol 
[0088] A radiation curable polyurethane elastomeric composition was prepared in a twin-screw extrusion reactor as 
follows: 

,. A polyo. mixture was prepared of the following components whfch were thoroughfy mixed in a feed tank until 
homogenious: 

A 1 3 0 parts (0.01 30 moles) of a 1000 molecular weight pofy 1 ^t^^^!^^ 0 ^ *** 
B 13 0 Jarts 90.0059 moles) of a 2200 molecular weight poly^pichlorohydnn^ol) (3M Co.). 

unsaturated diol and 1.01 parts (0.0010 mole) of the -^li^Co V 

E. 0.5 parts of a,adiethoxy acetophenone (lrgacure-651 . Cba-Geigy Co.). 

F. 0.01 part methylene blue 

G. 0.007 part ferric chloride 

H. 0.03 part dibutyl tin dilaurate 

„. A precise flow metering system was uti.ized to ^£^^^££1 ZITm 
twin-screw counter rotating extruder (Le stntz Co^at a ^rat « ^J^^^^JJ^y A t this mass 
parts by weight 4,4'-bis (isocyanato cyclohexyl) methane (Desmodur w Mooay o 
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ratio, there was a slight equivalency excess of isocyanat emoieties in the feed stream relative to hydroxyl moieties. 
The reaction temperature of the polymerizing mass was maintained in the range of 1 50 to 1 70°C as polymerization 
occurred in the extruder. Upon exiting from the extruder, the fully reacted curable elastomer composition was 
segregated into pellets of diameter of approximately 0.3 cm which were collected for further processing. The com- 
pleteness of the polymerization reaction was determined by monitoring the infrared spectrum of a cast film of the 
curable elastomer product and determining the absorbance ratio of the -NCO absorption band (2250 cm -1 ) to the 
-CH 2 - absorption band 2950 cm -1 ), which ratio proved to be less than 0.2 indicating a complete reaction with only 
a slight excess of -NCO groups remaining. The melt index of the curable elastomer composition was monitored 
at a temperature of 160°C using aload of 1100 grams on the heated chamber of the Extrusion Plastometer and 
found to be in the range between 25 and 35 grams per 10 minute interval. 

[0089] The fully reacted curable polyurethane elastomeric Composition 4A consisted of the following mole ratios of 
constituents: 



Component 


Moles 


4,4'-bis-(isocyanato cyclohexyl) methane 


5.246 


1 ,4-butane diol 


3.760 


N, N- Bis (2-hydroxy ethyl), N'-(methacryloxy ethyl) urea 


0.432 


poly 1 ,2-(butylene oxide)-diol 


0.6875 


poty(epichlorohydrin)diol 


0.3125 



[0090] By calculation, Composition 4A possesses one unsaturated crosslinking site per every 7,401 molecular weight 
units, and 57% by weight hard segment units. 

Example 5B 

[0091] A flexographic printing plate was prepared using the absorption melt processing method utilizing a DuPont 
PLS flexographic plate product. The sheet flexo plate making material was removed from the shipping carton and cut 
into a 30 cm x 30 cm square section. Backside irradiation was accomplished in a Kelleight Model #210 plate exposure/ 
processor unit for a period of 20 seconds. Following this step, the protective cover film was removed and a graphic 
arts test negative film was applied to the surface of the plate with the cover film attached to the exposure unit then 
applied to this "sandwich." After a 2 minute period during which air was exhausted between the exposure negative and 
the curable elastomer surface, an imagewise exposure was accomplished for a period of 10 minutes. After bleeding 
of the vacuum and removal of the exposure negative, the plate was developed by removal of the unexposed and 
uncured areas of the elastomeric layer using the absorption method in the same manner as described in Example 2B. 
A total of (6) passes of the plate material through the heated laminator rolls was required to remove at least 90% of 
the unexposed and uncured portions of the elastomer layer. Fresh non -woven CEREX web material was utilized for 
each pass so as to allow for maximum absorption to occur. Excellent definition of the relief areas of the resulting printing 
plate sample was apparent as determined by visual inspection using a hand-held microscope of 1 0X magnifying power. 
The total caliper of the printing plate was 1 .7 mm with a relief depth measured at 1 .0 mm for the raised areas of the plate. 

Example 6B 

[0092] A flexographic printing plate was prepared utilizing the absorption processing method using a BASF Nyloflex 
flexographic plate product. After removal of the product from the packaging carton, a section was cut having dimensions 
of 10 cm x 20 cm x 2.84 mm. The backside and imagewise exposure were exactly as described in Example 5B. The 
removal of the unexposed and uncured areas of the plate was accomplished in a manner similar to Example 5B also. 
After (6) passes through the heated laminator rolls using fresh CEREX non-woven web for each pass, a flexographic 
printing plate having a relief of 1 .27 mm was produced. Half-tone dot definition was excellent as determined by visual 
inspection using a hand-held microscope of 10X magnifying power. 

Claims 

1. A process for producing a flexographic printing plate comprising providing a relief imageable element comprising 
a flexible substrate having on at least one surface thereof a radiation curable elastomeric polymeric layer in a 
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thickness of at least 0. 3 mm, imagewise irradfcti ng said -^^^^ 

contacting said image wise ^iated ^^tSSSSKSSi measured in the uncom- 

contains a void volume fraction of at least 50 A or rne ,nc,UD «" d between 40 and 200 <> C, 

pressed condition) which can absorb an ^f^^Z^nT^^O^Z in contact with said 
heating said composition layer so that « » *J^^^2^2«»o^ in unirradiated areas to flow 
absorbent layer, said ^[^^^^ unirradiated areas in contact w«h said 

position from said absorbent layer. 

2. The process of claim 1 wherein said composition comprises a polymeric urethane elastomer. 

3. The process of any preceding Cairn wherein gas or liquid flow is used in combination with heat to remove at ieast 
some of said composition from said absorbent layer. 

photoinitiator. 

5 The process of any preceding Cairn wherein after heating said composition iayer said eiement is passed through 
a nip roll gap to compress said element and said absorbent layer. 



Patentanspruche 

1. verfahren zur Herste.iung einer F.exodruckp.atte,. ""^^^^ 

des befahigten Elements, welches ein flexibles Substra umfafM ^^'"J^^Ts ^ aufwe ist. die bild- 
durch Strahlung hartbare elastomere polymere Schicht ,n ,nm D-cke von m^estens 0,3 mm 

weise Bestrahlung der Zusammensetzung, urn die Z"^™™*™* '" n £Scht bCder es sich urn ein Foli- 
Kontaktieren der bildweise bestrahlten Schicht mit emer ^^^SS^^nSZZ 50 % des einge- 
enmaterial aus einer Vliesbahn handelt, das eine H ° hlra 7 vo i^^ Sfund welches eine un- 

schlossenen Vo.umens der Folie (wie ist, das Er- 

bestrahlte Zusammensetzung absorb.eren kann wenn^ *e zwisch °" * "?atur zwischen 40 und 200" C befindet, 
warmen der Zusammensetzungs-Schicht, sodaG . «. > sich be ^^^^Z^^ hoch ist, urn die 
wahrend sie in Kontakt mit der absorpt.onsfah.gen Sch.cht ist J wobe » . ^Temperaxur 

Zusammensetzung in unbestrahlten Bereichen zu befahigea n ^^^^Ts^cUen mit der absorp- 
taktierenlassen von mindestens 75 Prozent der Zusammensetz u h n 9^ e 7"° e *™ "nd die Entfernung der ab- 
tionsfahigen Schicht, urn von der dem 
sorptionsfahigen Schicht und der mindestens 75 A Zusamme . f|exib , en substrat die ab- 
flexiblen Substrat, wobei nach der Entfernung der ^^f^ n ^^^^^ ng zu erweichen 
sorptionsfahige Schicht erwarmt werden kann, urn mindestens emen Te.l der Zusammensexzu g 
und aus der absorptionsfahigen Schicht zu entfernen. 
2 Verfahren nach Anspruch 1 , in welchem die Zusammensetzung ein potymeres Urethan-E.astomer umfaBt. 

Schicht zu entfernen. 

Gewichtsprozent eines freien Radikal-Photoinitiators umfaSt. 
Schicht zu komprimieren. 



20 



EP 0 468 745 B1 

Revendications 

Un proc6de de fabrication d'une plaque d' impression flexographique que I'on prend un element impress ion nab le 
seton une image en relief comprenant un substrat souple ayant sur au moins une de ses faces une couche de 
polymere elastomere durcissable par rayonnement d'une epaisseur d'au moins 0,3 mm, I'irradiation selon une 
image de ladite composition pour durcir la composition dans les zones irradtees, la mise en contact de ladite 
couche irradiee selon une image avec une couche absorbante qui est une feu i lie de matiere en nappe non tiss6e 
qui contient une fraction volumique lacunaire d'au moins 50 % du volume inclus dans la feuilie (mesuree a l'6tat 
non comprime) qui peut absorber de la composition non irradiee lorsqu'elle a 6te chauftoe entre 40 et 200 °C. le 
chauffage de ladite couche de composition de facon qu'elle soit a une temperature comprise entre 40 et 240 °C 
pendant qu'elle est en contact avec ladite couche absorbante. ladite temperature etent suffisamment e levee pour 
permettre a la composition des regions non irradtees de passer dans ladite couche absorbante, en permettant 
qu'au moins 75 % de ladite composition des zones non irradiees en contact avec ladite couche absorbante soient 
absorbes par ladite couche absorbante. et I'elimination de ladite couche absorbante et lesdits au moins 75 % de 
composition provenant des regions non irradi6s dudit substrat souple, et ou, apres qu'on ait elimin6 ladite couche 
absorbante dudit substrat souple, la couche absorbante peut etre chauffee de facon a ramollir et eliminer au moins 
une partie de ladite composition de ladite couche absorbante. 

Le procedS selon la revendication 1 , dans lequel ladite composition comprend un elastomere d'urethane polymere. 

Le procede selon Tune quelconque des revendications prec6dentes dans lequel on utilise un courant gazeux ou 
liquide en combinaison avec ia chaleur pour eliminer au moins une partie de ladite composition de ladite couche 
absorbante. 

Le precede selon I'une quelconque des revendications precedentes, dans lequel ladite composition comprend un 
elastomere qui presente un gonflement inferieur a 2 % dans I'eau demineralisee a 20 °C pendant 24 heures et 
qui comprend de 0,3 a 10 % en poids d'un photoinitiateur radicalaire. 

Le procede seion I'une quelconque des revendications precedentes. dans lequel apres chauffage de ladite couche 
de composition, on fait passer ledit element dans I'emprise d'un rouleau pour comprimer ledit Element et ladite 
couche absorbante. 
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